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1 Introduction
In the email discussion after RAN2 #100 [1], the Tx carrier selection procedure was basically divided into two steps as follows:

· Step 1: The UE selects the candidate carriers among the carriers which are provided by upper/RRC layer (based on service type and UE capability) considering PPPP and/or CBR.

· Step 2: Carrier selection for actual resource reservation or one shot transmission.

However, there are still divergences among companies on the specific solutions each step should adopt. Besides, due to the restriction of the scope, this email discussion only considered CBR and PPPP, with some other key factors unable to be covered.
This contribution will further discuss how to perform Tx carrier selection based on CBR and PPPP, aiming to address the issues unable to be concluded in the email discussion, and also analyze some other factors that may also need to be taken into account in Tx carrier selection.
Compared with the earlier version, those aspects already concluded by the email discussion are removed and contents are updated just to deal with those controversial issues left over. 
2 Discussion on left-over issues of the email discussion
2.1 How to select the candidate carriers (i.e. Step 1)
Currently, CBR and PPPP are the main factors being considered as Tx carrier selection criteria, and two main options were discussed in [1]:
· Option 1: the existing SL-CBR-PPPP-TxConfigList can be reused for Tx carrier selection.
· Option 2: a mapping between CBR threshold and PPPP can be defined for Tx carrier selection.  
For Option 1, it forces the adaptation parameters in SL-CBR-PPPP-TxConfigList to function as the carrier selection parameters also. In our understanding, parameters in SL-CBR-PPPP-TxConfigList are originally defined and only applicable for the transmission parameter adaptation (e.g. MCS, PRB number, Retx time, etc.), in order to adapt to the CBR change, for Rel-14 UEs in each Tx resource pool. As an optional feature, whether it is configured in a cell (or stored in pre-configuration) is up to network implementation (or operator preference). However, in Rel-15, Tx carrier selection is specified as a fundamental feature to increase the system performance; we do not think it is a good way to bind such an important functionality with another optional one. It is not acceptable that the carrier selection is also forbidden, if the eNB does not configure the CBR-related parameter adaptation configurations but decides to leave the UE to use the speed-dependent adaptation parameters in SL-PSSCH-TxConfigList.  
Observation 1: It is unacceptable that Rel-15 carrier selection functionality is prohibited just because the eNB does not configure Rel-14 CBR-related adaptation parameters. However, this will happen if parameters in SL-CBR-PPPP-TxConfigList are forced to also function as the carrier selection configuration as in Option 1. 
Besides, even if the existing IE SL-CBR-PPPP-TxConfigList is used by Option 1, it does not mean that the SL-CBR-PPPP-TxConfigList can be completely reused without paying anything. Specifically, as in [1], it says that Option 1 needs to newly defines some dedicated values for, e.g. power, MCS, etc., which act as a dedicated indication to prohibit the usage of a specific carrier. On the other hand, considering a complete set of SL-CBR-PPPP-TxConfigList consumes considerable number of bits (rather than just a simple CBR threshold), those newly introduced values, once added, may deteriorate the space-absence problem of SIB21. Thus, Option1 is not suggested to RAN2 for the Tx carrier selection. Also, with SL-CBR-PPPP-TxConfigList being a configuration for Rel-14 V2X UEs, the configuration for Rel-14 UEs can also be impacted, after adding these new values which are not comprehensible to them, and the specification can also be complicated by squeezing these values in an existing configuration. 
Observation 2: Option 1 needs to introduce some new values (e.g. "0") for the parameters in Rel-14 SL-CBR-PPPP-TxConfigList, acting as dedicated indication for Rel-15 carrier selection. This may not be favourable from the perspective of inter-operability, signalling overhead and specification complication.
By contrast, a more straightforward way is to introduce a separate configuration for Rel-15 carrier selection as in Option 2. In Option 2, both transmission performance and load balance can be considered and thus well tackled. More specifically, from a performance perspective, the CBR level affordable to transmit a V2X packet on a carrier frequency should be dependent on specific transmission requirement (reflected by PPPP) associated with the packet. With the constraint by the PPPP-specific CBR threshold(s), a Tx UE is only allowed to select the carriers with acceptable CBRs, i.e. the carriers whose CBR are below the CBR thresholds associated with the PPPP of the data to be sent. By such a means, the transmission requirement can be guaranteed. Besides, Option 2 supports flexible offloading among carriers on a per PPPP basis. Especially, for the case where load becomes heavier on a carrier, Option 2 can make the carrier only selectable among UEs with higher requirement (i.e. lower PPPP), and directs the UEs with lower requirements accessing to other suboptimal carrier(s). 
Take Figure 1 as an example to illustrate the offloading benefit of Option 2. Assume that Carrier 2 is allowed to be selected for PPPP =4~8 when its CBR is below a threshold of 0.6; for carrier 1, it can be selected for PPPP =4 when CBR is below a threshold of 0.2, whereas it can be selected for PPPP = 2 when CBR is below a threshold of 0.5. Then:

· In Figure 1-a), since the current CBR measured on Carrier 2 by the UE is nearly 0.4, the V2X packets with PPPP=4 can be therefore transmitted on Carrier 2. Also, as the UE finds the current CBR on Carrier 1 is 0.1 (which is below the CBR threshold of 0.2), its V2X packets with PPPP =4 are also allowed to be offloaded on Carrier 1 and are transmitted along with the services with PPPP = 2 thereon. This is because, by configuring a CBR threshold of 0.2 for PPPP = 4 on Carrier 1, the eNB treats such a CBR range as fine for the V2X packets with PPPP=4 to be transmitted together with those with PPPP=2 on the same carrier, without affecting the later much. As per the aforementioned configuration and the network situation shown in Figure 1-a), the resources among different activated carriers can be fully utilized. 
· In Figure 1-b), however, once the UE measures the current CBR on Carrier 1 becomes 0.4 and thus is above the (pre)configured threshold of 0.2, V2X packet with PPPP=4 shall not be transmitted on the carrier any longer and it will consequently come back to the suboptimal carrier, i.e. Carrier 2, in order to set free more resources on Carrier 1 to guarantee the higher requirements of the V2X packets with PPPP=2.    
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Figure 1: Example of Option 2 for Tx carrier selection
Based on the analysis above, Option 2 not only takes into account the transmission performance, but can be used for load balance as well. It can make the Tx carrier selection more flexible and efficient, and avoid unnecessarily big overhead caused by Option 1. Thus, Option2 is preferred.

Proposal 1: A mapping between CBR threshold and PPPP is (pre)configured for each carrier frequency; for the transmission with a given PPPP, the UE is allowed to select a carrier if the actual CBR measured on this carrier is below the CBR threshold associated with that PPPP. 
2.2 Carrier selection among candidate carriers (i.e. Step 2)
For how to select proper carrier(s) for actual sidelink transmission among the candidate carriers filtered out based on CBR threshold and PPPP in Step 1, we think the following alternatives could be considered:
· Alt. 1: Tx UE selects carrier(s) with the lowest CBR level among the candidate carriers;
· Alt. 2: Tx UE selects carrier(s) with the highest CBR level among the candidate carriers;

· Alt. 3: Tx UE selects carrier(s) based on the (pre)configured carrier selection order among the candidate carriers.
Alt.1 can make a Tx UE select the best-quality carrier(s) to obtain available resources as much as possible and ultimately improves the transmission performance. However, the criterion that the UE simply selects lowest-CBR carrier(s) will urge Tx UEs to add new carrier(s) again and again, as long as the lowest-CBR carrier(s) change from one to another. Consequently, it may cause an “over-selecting” issue, which means a UE may select more carriers than it can actually handle (e.g. Tx chain limitation which is being discussed in RAN1). Once that happens, such an over-selecting operation may cause a series of unexpected consequences, including frequent sensing interruption (e.g. for the shared TX/RX chains architecture [2]) with irregular Tx chain switching and retuning, CBR measurement on the unreachable carriers caused by the Tx chain limitation, etc. These consequences will, on the contrary, decrease transmission performance of Alt.1 as well as increase measurement overhead. 
To address this “over-selecting” issue, we think the number of Tx carriers selected for sidelink transmission should be constrained based on UE capability, which was also agreed in RAN1 as follows [3]:
	· Higher layer semi-statically provides potential carrier(s) for Tx and Rx for CA

Note: it is RAN1 understanding that the higher layers will take other constraints (e.g., UE capability, services, etc.) into account when providing the set of potential carrier(s)


Observation 3: Tx carrier selection needs to take also UE capability into account as instructed by RAN1. 
One efficient way is to restrict a UE to select only a portion of the carriers (e.g. within its Tx capability) for V2X messages with a specific PPPP, until the CBRs of all selected carriers are above the associated thresholds. Both Alt. 2 and Alt. 3 can achieve this purpose:
· For Alt. 2, the UE selects the same carrier (with the highest CBR) until the CBR of this carrier selected is above the thresholds associated with of its packets' PPPP, and then next. Since only CBR is considered in Step 2 among candidate carriers determined by Step 1, it does not bring any new factors other than CBR and PPPP considered in Step 1. So it can simplify the design of the whole Tx carrier selection mechanism. 
· By contrast, Alt.3 can provide a carrier selection order, so that a UE can preferentially select on a certain carrier based on the (pre)configured carrier selection order, until this carrier is filtered out by Step 1 when its CBR is too high. 
Therefore, considering that the UE capability should be taken into account for Tx carrier selection as the agreement achieved by RAN1, it is suggest that RAN2 considers Alt. 2 and Alt. 3.

Proposal 2: Considering that UE capability needs to be considered as per RAN1 conclusions, RAN2 should discuss the Tx carrier selection procedure based on the following two options: 

· The UE selects carrier(s) with the highest CBR level among the candidate carriers;

· The UE selects carrier(s) based on the (pre)configured carrier selection order among the candidate carriers.
3 Conclusion

This contribution gives more analysis for Tx carrier selection, the observations and proposals are: 

Observation 1: It is unacceptable that Rel-15 carrier selection functionality is prohibited just because the eNB does not configure Rel-14 CBR-related adaptation parameters. However, this will happen if parameters in SL-CBR-PPPP-TxConfigList are forced to also function as the carrier selection configuration as in Option 1.
Observation 2: Option 1 needs to introduce some new values (e.g. "0") for the parameters in Rel-14 SL-CBR-PPPP-TxConfigList, acting as dedicated indication for Rel-15 carrier selection. This may not be favourable from the perspective of inter-operability, signalling overhead and specification complication.
Observation 3: Tx carrier selection needs to take also UE capability into account as instructed by RAN1.
Proposal 1: A mapping between CBR threshold and PPPP is (pre)configured for each carrier frequency; for the transmission with a given PPPP, the UE is allowed to select a carrier if the actual CBR measured on this carrier is below the CBR threshold associated with that PPPP. 
Proposal 2: Considering that UE capability needs to be considered as per RAN1 conclusions, RAN2 should discuss the Tx carrier selection procedure based on the following two options: 

· The UE selects carrier(s) with the highest CBR level among the candidate carriers;

· The UE selects carrier(s) based on the (pre)configured carrier selection order among the candidate carriers.
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